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ABSTRACT

Background: The maxillary sinus is the largest paranasal sinus which has a close anatomical relationship with the roots|
of maxillary posterior teeth, which results in clinical challenges during dental procedures including extractions,
implant procedures and endodontic treatments. Odontogenic infections and surgical interventions can lead to
disruption in the sinus floor, leading to oroantral communication or sinusitis. The present study aims to evaluate the
proximity of maxillary posterior tooth roots to the maxillary sinus floor using orthopantomograms (OPGs).

Methodology;A retrospective, observational study analyzing 351 OPGs of patients aged 25-30 years, were selected.
The relationship between roots of maxillary posterior teeth and maxillary sinus was assessed using a modified scoring
system by Sharan and Madjar (2006), which classified root projection into the maxillary sinus with a score from 0 (no
contact) to 4 (>2 mm intrusion). The data were tabulated in excel sheets and statistical analysis was done using SPSS
software, chi-square tests were done. A p-value of <0.05 was considered statistically significant.

Results:The present study revealed considerable variations in root-sinus proximity among different maxillary|
posterior teeth. The highest root projection into the sinus cavity was observed in first and second molars. Tooth 27
exhibited the most frequent intrusion into the sinus, with 47.2% scoring 3 and 22.5% scoring 4. Gender-based analysis
indicated that males had a significantly higher frequency of root projection into the sinus, particularly for tooth 16 (3>
=17.584, p =0.001). Chi-square analysis demonstrated significant bilateral symmetry in root-sinus relationships, with
the strongest association found between the right and left first premolars (x> = 136.47, p < 0.001).

Conclusion; The study confirms the anatomical variations in the relationship between maxillary posterior teeth and the
maxillary sinus floor, with molars demonstrating the closest proximity. The findings emphasize the need for thorough
preoperative radiographic evaluation, particularly for procedures involving maxillary posterior teeth, to minimize
complications such as sinus perforation and infections. Gender differences in sinus pneumatization and root projection
suggest potential implications for personalized treatment planning.
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Maxillary sinus is the largest of all the paranasal
sinuses, it is located bilaterally within the maxilla, and
plays an important role in various physiological
processes including humidification and air filtration
2. Owing to the close anatomical proximity between
the roots of the maxillary posterior teeth and the floor
of the maxillary sinus, there exist significant clinical
and diagnostic challenges for the clinicians while
treating maxillary posterior teeth %I,

Pathological conditions which originate from the
maxillary posterior teeth, such as periapical
pathologies or periodontal infections, may traverse the
boundaries of supporting dental structures and affect
the maxillary sinus. This phenomenon is termed as
odontogenic maxillary sinusitis, it is a condition which
arises from dental infections (commonly dental caries)
and can result in complications such as obstruction of
the sinus and oroantral communication “. Dental
procedures such as endodontic therapy or dental
extractions can compromise the integrity of the sinus
floor and result in conditions such as perforation of the
sinus or root displacement into the sinus cavity, which
may require surgical intervention 1,

The anatomy of the sinus floor is very unique, as it
extends between the individual roots of adjacent teeth
to form elevations which are referred to as “blocks” on
the sinus antral surface ™. Understanding the
relationship between the roots of maxillary posterior
teeth and maxillary sinus is essential for a dental
practitioner, as it aids in treatment planning of various
procedures such as implant placement, sinus
augmentation, and the management of sinus-related
dental pathologies and complications [ 1. Various
radiographic imaging modalities provide ardent
information on the anatomical relationship to aid
clinicians in assessing the variations in proximity to
the sinus floor in order to evaluate the potential risks
with the interventions. Orthopantomogram (OPG) is a
valuable 2-dimensional tool which helps in visualising
numerous anatomical structures of the jaws 1.

The present study aims to evaluate the relationship
between the apical roots of maxillary posterior teeth
and the floor of the maxillary sinus, by assessing
numerous OPGs.

Study Design

The study design is a retrospective, observational
study conducted to assess the relationship between the
apical roots of maxillary posterior teeth and the floor
of the maxillary sinus using orthopantomograms
(OPGs). Ethical clearance was obtained from the
institutional ethical review board to ensure compliance
with ethical standards.

Sample Selection

A total of 500 OPGs of patients who belong to the age
group between 25 to 30 years visiting the Oral radiology
department for diagnostic purposes were collected.
Inclusion criteria was patients with intact maxillary
posterior teeth with not more than two missing teeth.
Patients with any form of periapical pathology involving
maxillary posterior teeth, previous sinus surgeries, or
dental extractions were excluded from the study.
Following the above mentioned criteria, 351 OPGs were
chosen eligible for further analysis.

Data Collection

The OPGs were evaluated using a modified scale with a
scoring criteria proposed by Sharan and Madjar ™. This
scale categorizes the relationship between the roots of
maxillary posterior teeth and the maxillary sinus floor into
5 categories ranging from 0 to 4. The radiographic
assessments were conducted independently by two
calibrated examiners to ensure accuracy and reliability.
Scale (scoring criteria) €

The scoring criteria for assessing root and sinus
relationship includes a score of 0, which indicates no
contact between any root of the posterior teeth and the
cortical border of the floor of the sinus. Score 1 signifies
that one or more posterior teeth roots are in contact with
the cortical borders of the sinus. A Score of 2 indicates
that one or more posterior tooth roots project laterally
onto the sinus cavity, but their apices remain outside the
sinus boundaries. A score of 3 indicates that one or more
root apices project into the sinus cavity but less than 2
mm. Lastly, score 4 indicates that one or more root apices
project into the sinus cavity by a distance greater than 2
mm.

Statistical Analysis

The data obtained were tabulated in Microsoft Excel and
statistical analysis was done using SPSS software version
23. Descriptive statistics and Chi-square tests were
performed to summarize and assess the significance of the
relationship between each of the maxillary posterior teeth
roots and the sinus floor. A p-value of <0.05 was
considered statistically significant.

Ethical Considerations

Patient confidentiality was maintained by anonymizing
all radiographs and records. Only the necessary data were
extracted, and the study adhered to the ethical principles
outlined in the Declaration of Helsinki.

Overview of Scoring System

The results of the study highlight the significant
variability in the relationship between the roots of
maxillary posterior teeth and the floor of the maxillary
sinus (Table 1).
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Table 1. Showing total number of teeth with respective scores

SCORE /

TOOTH 0 1 2 3 4
18 69 160 11 78 33
17 18 113 13 136 71
16 11 110 15 119 96
15 34 193 20 87 17
14 148 187 4 8 4
24 180 160 4 4 3
25 59 245 19 21 7
26 22 97 25 153 54
27 13 75 18 166 79
28 40 149 8 108 46

Using a scoring system ranging from 0 to 4, the findings reveal distinct patterns of root-sinus proximity. A score of 0
indicated no contact between the root and the sinus, while scores of 3 and 4 represented roots projecting into the sinus
cavity, with 4 indicating deeper penetration (>2 mm). The study focused on teeth 17, 16, 15, 14, 24, 25, 26, and 27,
which are the maxillary first and second molars on both sides.

Findings for Tooth 17 and Tooth 16

For tooth 17, 38% of cases were assigned a score of 3, demonstrating root projection into the sinus cavity with less than
2 mm of separation. Additionally, 20.2% scored 4, indicating roots projecting more than 2 mm into the sinus. Similarly,
for tooth 16, 27.3% of cases had a score of 3, while 33.9% exhibited a score of 4.

Findings for Tooth 26 and Tooth 27

For the left side, tooth 26 showed 43.5% of cases with a score of 3, and 15.3% with a score of 4. Tooth 27 had the highest
percentage of roots projecting into the sinus cavity, with 47.2% scoring 3 and 22.5% scoring 4.

Findings for Tooth 14 and Tooth 15

Tooth 14 demonstrated the following distribution of scores: 148 cases (42.2%) scored 0, indicating no contact between
the root and the maxillary sinus. A total of 187 cases (53.3%) scored 1, showing root-sinus proximity without penetration
into the sinus cavity. Scores of 2, 3, and 4 were observed in 4 cases (1.1%), 8 cases (2.3%), and 4 cases (1.1%),
respectively. For tooth 15, 193 cases (55.0%) scored 1, indicating root-sinus proximity without penetration. A total of
34 cases (9.7%) scored 0, showing no contact with the sinus floor. Scores of 2, 3, and 4 were observed in 20 cases
(5.7%), 87 cases (24.8%), and 17 cases (4.8%), respectively

Findings for Tooth 24 and Tooth 25
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Tooth 24 exhibited a distribution of scores as follows: 180 cases (51.3%) scored 0, indicating no contact with the sinus
floor. A total of 160 cases (45.6%) scored 1, showing root-sinus proximity without penetration. Scores of 2, 3, and 4
were observed in 4 cases (1.1%), 4 cases (1.1%), and 3 cases (0.9%), respectively. For tooth 25, 245 cases (69.8%)
scored 1, indicating root-sinus proximity without penetration, while 59 cases (16.8%) scored 0, showing no contact with
the sinus floor. Scores of 2, 3, and 4 were observed in 19 cases (5.4%), 21 cases (6.0%), and 7 cases (2.0%), respectively.

Chi square test:

The chi-square test revealed significant associations between the corresponding right and left molars and premolars
(Table 2). For the third molars (18 and 28), the Pearson chi-square value was 36.327 (df = 16, p = 0.003), indicating a
statistically significant relationship between their anatomical or positional attributes. Similarly, the second molars (17
and 27) showed a strong association, with a chi-square value of 98.707 (df = 16, p < 0.001), suggesting a consistent
bilateral relationship in their characteristics. The first molars (16 and 26) exhibited an even stronger association, with a
chi-square value of 113.685 (df = 16, p < 0.001), underscoring their bilateral symmetry or shared morphological patterns
(Figure 1).
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Figure 1. Graphical representation of the correlation of the relationship of maxillary sinus to right and left first maxillary
molar

The second premolars (15 and 25) also demonstrated a highly significant relationship, with a chi-square value of 116.444
(df =16, p < 0.001). Lastly, the first premolars (14 and 24) displayed the strongest bilateral association among the tested
groups, with a chi-square value of 136.470 (df = 16, p < 0.001).

The second premolars (15 and 25) also demonstrated a highly significant relationship, with a chi-square value of 116.444
(df =16, p < 0.001). Lastly, the first premolars (14 and 24) displayed the strongest bilateral association among the tested
groups, with a chi-square value of 136.470 (df = 16, p < 0.001).

Gender-Based Analysis

The gender-based analysis indicated variations in root-sinus proximity for certain teeth, particularly tooth 16 (Table 3).
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Table 2. showing Chi square test results between right and left posterior teeth

Teeth Pair Chi-Square Value p-Value

Right Third Molar (18) - Left
Third Molar (28) 36.327 0.003

Right Second Molar (17) - Left
Second Molar (27) 98.707 <0.001

Right First Molar (16) - Left First
Molar (26) 113.685 <0.001

Right Second Premolar (15) - Left
Second Premolar (25) 116.444 <0.001

Right First Premolar (14) - Left
First Premolar (24) 136.47 <0.001

Table 3 showing Chi square test results for gender based analysis

Teeth Chi-Square Value p-Value
Right Third Molar (18) 4.908 0.297
Right Second Molar (17) 2.714 0.607
Right First Molar (16) 17.584 0.001
Right Second Premolar (15) 0.606 0.962
Right First Premolar (14) 6.052 0.195
Left First Premolar (24) 11.916 0.018
Left Second Premolar (25) 10.962 0.027
Left First Molar (26) 0.611 0.962
Left Second Molar (27) 3.794 0.435
Left Third Molar (28) 3.934 0.415

Male patients accounted for a higher percentage of cases with scores 3 and 4 compared to females. Chi square tests for
association between gender and the positional or anatomical characteristics of molars and premolars showed the
following results. Right third molar (18), the chi-square test revealed no significant association with gender (y* = 4.908,
df =4, p =0.297). Similarly, the right second molar (17) (y*> =2.714, df =4, p = 0.607) and the right second premolar
(15) (2 = 0.606, df = 4, p = 0.962) showed no significant gender-based differences. However, a significant association
was observed for the right first molar (16) (3>=17.584, df =4, p=0.001), suggesting potential gender-related differences
in its positional attributes (Figure 2).
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Figure 2. Graphical representation of the correlation of gender and the relation of maxillary sinus to right first
maxillary molar

On the left side, the first premolar (24) (y*>=11.916, df = 4, p = 0.018) and second premolar (25) (¥*>=10.962, df =4, p

= 0.027) also showed significant associations with gender, while other teeth, including the left first molar (26) (Figure
3), left second molar (27), and left third molar (28), did not exhibit any significant gender-based differences (p > 0.05).
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Figure 3: Graphical representation of the correlation of gender and the relation of maxillary sinus to left first
maxillary molar
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The anatomical relationship between the maxillary
sinus and the roots of posterior maxillary teeth plays a
critical role in numerous dental and surgical
procedures. The present study evaluated the
relationship between maxillary tooth roots and their
proximity to the sinus floor.

Variations in the anatomy of the maxillary sinus are
influenced by several factors such as gender, age, and
oral health ©I' In the present study, gender based
variations in proximity of the posterior teeth roots to
the floor of the sinus are noted, especially in tooth 16,
which exhibited significant proximity to the sinus
compared to other teeth. This could be due to
differences in craniofacial morphology among males
and females, wherein males usually demonstrate larger
maxillary sinuses with thicker alveolar bones
compared to females, with increased pneumatization
of sinus leading to thinner alveolar bone which
separates the roots and the sinus floor I,

Variations in sinus root proximity have been observed
among various populations which highlight the
influence of ethnicity and geographical factors [,
Also genetic predisposition, dietary habits greatly
influence jaw development and play an ardent role in
such differences 2. The findings observed in the
present study reveal that gender based craniofacial
patterns, sinus dimensions and density of alveolar
bone contribute to the varied anatomic relationships
observed in root proximity to the sinus.

Literature states that sinus pneumatization is an age-
related phenomenon which influences root proximity.
It has been observed that the pneumatization process
continues till the second decade in females and third
decade in males [**1. The early skeletal maturation in
females compared to males contributes to gender
based variations in root proximity, as observed in the
present study.

Among the first and second premolars, 14, 15, 24 &
25, and the anterior teeth, minimal sinus involvement
is reported (4. These findings are concordant with the
present study as predominantly lower scores were
observed among the premolars depicting minimal
interaction. The reason could be due to short roots and
more anterior positioning of such teeth. Also, there is
a presence of denser bone in the anterior maxilla which
serves as a structural barrier between the roots and
sinus (251,

Sharan et al. observed that the roots of the maxillary
first and second molar are in close proximity to the
sinus floor often with their roots projecting into the

sinus cavity 1. These findings are concordant with the
findings observed in the present study. The reason for
close proximity in molars could be due to age-driven
pneumatization of the posterior maxilla which can be
further exacerbated by tooth loss. The development of
mesiobuccal and palatal roots of molars coincides
along with sinus expansion, which ultimately results in

reduced bony separation between these roots and sinus
[16]

A study by SH et al. revealed that the mesiobuccal root
of the maxillary first molar often lies in closest proximity
to the sinus floor, emphasising the need for precise
imaging prior to treatment planning 7. These findings
are similar to the findings observed in the current study.
The reason for close proximity among the mesiobuccal
root of the first molar to the sinus floor could be due to its
developmental positioning which increases the risk of
direct sinus contact 18I,

Studies conducted using 3-dimensional modalities such as
CBCT reveal that first molars are in direct contact with
their root apices projecting into the sinus cavity 1. These
findings support the results observed in the present study.
Since maxillary molars are associated with narrow
alveolar bone width, in areas of significant
pneumatization, along with a widely spread root
morphology, increasing its likelihood of interaction with
the sinus cavity 2%,

The buccodistal root of the second molars has been
reported to have close proximity to the sinus in a few
studies ¥, which aligns with the findings of the present
study. The buccodistal root of the second molars are
located in regions with the thinnest alveolar bone density
and also owing to the curvature of the maxillary arch, this
region is exposed to increased mechanical stresses and
bone resorption, thereby reducing its thickness further 261,
The findings for teeth 17 and 26 in this study reinforce the
need for detailed imaging and surgical planning.

Studies indicate that the thickness of Schneiderian
membrane varies depending on the underlying pathology.
Teeth with higher proximity scores such as 3 and 4 as seen
in first and second molars, are often associated with
greater risks of sinus perforation during surgical
interventions %, The findings for teeth 17 and 26 in this
study reinforce the need for detailed imaging and surgical
planning. In instances such as chronic inflammation and
anatomical variations, thinning of the Schniedarian
membrane can occur. When the apices of posterior teeth
roots are in close proximity, it further weakens the
membrane and increases the chances of perforation
during surgery 22,
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Studies on sinonasal complications of dental disease
and treatment (SCDDT) underscore the significant
role of dental pathology in sinusitis. The anatomical
proximity of maxillary posterior tooth roots to the
sinus floor can contribute to either unilateral or
bilateral sinus inflammation. These findings highlight
the necessity of precise diagnostic imaging, such as
CT scans, and a multidisciplinary approach for
effective management %,

Studies on sinus septa reveal the anatomical
variations in the maxillary sinus and its proximity
to the posterior teeth. The first and second molar
regions demonstrated highest prevalence of septa,
which can lead to complications in sinus lift
procedures, thus reinforcing the importance of
detailed evaluation of sinus-tooth proximity to
minimize surgical risks 241,

Studies have shown that there exist variations in
sinus depths with shallow regions located
between the right maxillary molar and deeper
regions between the left maxillary premolars 21,
These findings are in concordance with the
present study where the majority of the premolar
teeth exhibited low proximity scores (0 or 1),
indicating a more distant anatomical relationship
with the sinus floor. Age and gender also played
a role, with older individuals showing greater
root-sinus separation and males exhibiting thicker
buccal bone than females 126 271, Similar trends
were observed in the present study.

Clinical Implications

This study underscores the importance of
comprehensive radiographic ~ assessments,
particularly for posterior teeth, where scores of 3
or 4 indicate a high risk of complications such as
sinus perforation or oroantral communication.
Teeth 16, 17, 26, and 27, which demonstrated
significant proximity to the sinus floor, require
meticulous planning for procedures such as
extractions, implants, or endodontic therapy.

While anterior teeth, such as 24 and 25, exhibit
minimal sinus interaction, anatomical variability
necessitates thorough evaluations even for these
teeth to minimize potential risks.

Future Directions

Future research should investigate factors such as
age-related changes, population-based anatomical

variations, and sinus septa morphology to provide
a more comprehensive understanding of the root-
sinus relationship. Incorporating advanced
imaging modalities, such as CBCT, into routine
evaluations will enhance diagnostic accuracy and
improve treatment outcomes.

The findings of this study align with existing
literature, emphasizing the importance of
understanding anatomical variations and using
detailed imaging for safe and effective dental
procedures. Further research into ethnicity and
age-related anatomical changes could offer
additional insights into the relationship between
maxillary teeth and the sinus floor.
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